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Abstract 
Internal (the consumer itself) and external factors influence the consumer to buy a product. It is these factors that can affect the 
length of time the consumer to buy a product. Time-to-event data analysis is the method to analyze the data when the response of 
interest is the time until some event occurs. The data to be analyzed is in the form of time, also called failure time or survival 
time. Cox regression model is a semiparametric regression models that are examining the relationship of independent variables 
with failure time (survival time). In addition to the estimated regression coefficients obtained, by using the Cox regression model 
approach, can also be estimated hazard ratio (HR) of two individuals with different covariates. This paper presented an 
examination of the use of Cox regression models to resolve problems related to consumer purchasing decisions. To clarify the 
exposure will be used simulated data and bootstrap resampling by using R software, where the response is examined is the time it 
takes the consumer to decide to buy a product is calculated from the first time consumers know the product, while the 
independent variables examined were level of education, occupation and monthly income of the consumer. Output program 
produces estimates of regression coefficients and standard errors of each coefficient. Interpretation of the hazard ratios for two 
covariates of each independent variable are presented in the discussion. 
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1. Introduction 
Many factors determine consumer buying decision process. These factors can come from consumers themselves 
or from outside (external influences). There are four non-marketing factors that determine a person in deciding on 
the purchase of a product according to Kotler and Armstrong (2008), the cultural factors, social factors, personal 
factors consist of age, occupation, psychological factors.  
Various studies have been conducted to examine matters relating to the factors that affect consumer buying. 
Review of these factors can be of two terms, namely in terms of consumers and in terms of the product itself. The 
need for research in this case is triggered by globalization and the development of appropriate technologies. These 
factors also trigger manufacturers to vie creating new products. In the other side, consumers are getting smarter in 
make some choice, because they are no longer considered in the present but also see the benefits of buying a 
particular product for the foreseeable future. In the end, it is encouraging manufacturers to continue to gather 
information and continue to do research, so that their products are marketed appropriately in terms of segmenting, 
targeting and positioning. Understanding the characteristics of the consumers of a product is very important and 
should be done first manufacturer in the target market.  
Time-to-event data analysis is the method to analyze data when examined in the form of a response to an event 
(event) occurs. Application of very broad time-to-event data analysis is used to analyze the field of epidemiology, 
biostatistics, sociology, psychology, demography and economics. The data to be analyzed is in the form of time, also 
called failure time or survival time can be defined as the time required from the beginning (time origin) until the 
occurrence of an event, where the failure time is worth nonnegative. If we want to see the relationship between the 
independent variables with survival time (failure time), the application of regression methods to explain this 
relationship are required. For example, to see the relationship between the variables of age consumers with loyalty as 
measured by the time it takes consumers to re-purchase the product X. Multiple linear regression model is not 
suitable for use in the survival data. Firstly, the survival time is rarely normal distribution. Secondly, censored data 
causes the dependent variable (survival time) to lose value (Kleinbaum, 2005). 
Censoring occurs if possessed some information about individual survival time but survival time not known with 
certainty. There are 3 types of censored observations: 1) right-censored (right censoring), 2) left-censored (left 
censoring), and 3) the interval censoring. Cox regression method is one method that can be used to check the data 
between the incident and the data affected by the sensor. Cox regression method can be used in predicting the 
relationship between variables dependent, the failure time, with the independent variables. Cox model is the most 
commonly used method for the analysis of survival data because it is simple and does not require the assumption of 
survival distributions. This model assumes that the hazard function is a function of the variable/ independent 
covariates, but do not assume what form of the hazard function. 
In analyzing the factors that influence consumers into buying a product, failure time data such as the time in 
question is the time it takes consumers is calculated from the first time consumers recognize a product to the 
consumer to purchase the product. So is the event of the case is purchased. Variables that were sampled as 
independent variables: education, employment and monthly income of the consumer. To clarify the presentation, the 
simulated data and bootstrap resampling method using the software R was used. 
2. Methods 
Before a more detailed explanation of how the Cox regression was used to analyze the case of consumer 
purchasing decisions, will first explain about the various censoring. 
2.1. Censored Data 
Censoring occurs if possessed some information about the failure time of individual failure time is not yet known 
with certainty. There are 3 types of censored observations: 1) right-censored (right censoring), 2) left-censored (left 
censoring), and 3) the interval censoring. Right censored happens if an event occurs after the observation started. 
Right censored there are two types, namely: 
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a. Type I is when the end of observation is determined in advance. Suppose an event to be observed is buying, 
then the researcher will determine the long study beforehand rather than waiting for the entire research object 
buy the product. 
b. Type II: if the end of observation is determined as the object of observation has met the targets to be achieved. 
Suppose the end of a research study is the object of study as there are 80 who buy the product. 
 
          (a)                                                                             (b) 
 
Fig. 1 (a) Right censoring observations; (b) Left censoring observations 
 
Left censored happens when it is known that an event occurred just as the time t, but the initial time of occurrence 
is not known for certain. Suppose a researcher found that individuals aged 40 years are consuming a product. So in 
this case which is the object of research is individuals aged 40 years maximum. 
Interval censoring occurs where an event known to occur between the time a and b. based on the above example, 
suppose there are individuals aged 35 years has yet to consume a product, then the age when started taking the 
product is in the interval of 45-50 years. 
 
 
 Fig. 2 Interval censoring observations 
 
Then, in time-to-event data analysis, well known indicator follow-up, which is symbolized by G 
 
Definition 1 (Qi, 2009)  
Suppose C is a sensor, observation data denoted by (ܶǡ ߜ), where ܶ ൌ ሺܦǡ ܥሻ is the observed survival time, D 
is the actual survival time of the i-th individu, defined ߜ ൌ ܫሺ஽ஸ஼ሻis the indicator as the end of follow up i.e: 
 
ߜ ൌ ܫሺ஽ஸ஼ሻ ൌ ൜
Ͳܾ݈݅ܽܦ ൐ ܥሺܿ݁݊ݏ݋ݎ݁݀݋ܾݏ݁ݎݒܽݐ݅݋݊ሻ
ͳܾ݈݅ܽܦ ൑ ܥሺ݊݋݊ܿ݁݊ݏ݋ݎ݁݀݋ܾݏ݁ݎݒܽݐ݅݋݊ሻ  
2.2. Cox Regression Model  
One regression model that can be used in the data between the incident (failure time or survival time) as well as 
the data that the sensor is exposed to the Cox regression model, defined as 
 
݄ሺݐȁݔሻ ൌ ݄଴ሺݐሻ൫ߚଵݔଵ ൅ ߚଶݔଶ ൅ ڮ൅ ߚ௣ݔ௣൯ ൌ ݄଴ሺݐሻሺࢄᇱࢼሻ                                                                        (1) 
t  (time) t  (time) 
Complete observation 
Right censored Left censored 
Complete observation 
Unobserved period 
Event Event 
Unobserved period 
Sample=5 
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where h_0 (t) is baseline hazard function, i.e the hazard function for an individual in which all the variables in the 
model is zero, X’ =   '1 2, ,.., px x x is 1xp vector of explanatory variables and β is px1 vector of regression 
coefficients (Cox dan Oakes, 1984). 
What's interesting about this approach is the lack of clarity of the Cox baseline hazard form does not cause 
problems in the estimation, so keep a good estimate can be obtained from the regression coefficient β, and the hazard 
ratio (HR). Cox regression model is also called the Cox proportional hazard regression models (PH) due to the form 
of proportional HR (independent of time). Hazard Ratio of two individuals with different covariate values are as 
follows:  
   
     
'
0 ' *'
*'
0
exp
exp
exp
h t x
HR x x
h t x
E EE                  (2)  
 
It was mentioned earlier that the independent or explanatory variables are used as examples of cases there are 
three, namely education, occupation and monthly income of the consumer. In the case of this study, HR can be used 
to determine the risk factors of the two individuals. The hazard ratio, so-called risk factors, is a comparison of the 
magnitude of potential consumers into buying a product. For example, in comparing risk factors for primary school 
graduates with consumers who are graduates, if obtained HR> 1, it can be said that consumers are more likely to be 
primary school graduates (risk) to purchase than consumers graduates. 
2.3. Data Simulation and Bootstrap Resampling Method 
There are limitations and assumptions made in performing the simulation in this case, i.e:  
x The type of censoring is type I right censoring.  
x Level of education there are four variables, namely elementary, junior high, high school, undergraduate (X1) 
raised from a discrete uniform distribution; there are two levels of employment of civil servants and non-civil 
servants (X1) raised from a discrete uniform distribution, while the variable monthly income consumers (X3) be 
raised from the uniform distribution so that X3 ~ unif (0,1). 
x Three variables used in the simulation, namely education, occupation and monthly income of the consumer in 
the model is assumed to have a significant effect on consumer purchasing decisions. 
x Another factors out of the examining factors are assumpted to be controlled.  
Furthermore, the survival time was raised by using the formula: 
 
 
1
0
log
exp '
UT H
x E
 § · ¨ ¸¨ ¸© ¹
                             (3) 
 
As was explained earlier that the Cox PH regression model, forms of the baseline hazard function and so cumulative 
hazard function were not estimated due to the nature proportional hazard, so it can be used based on the shape of the 
hazard function of a particular distribution. To generate the data used survival time, we use the cumulative hazard 
function of the exponential distribution  0H t tO , so is the invers of cumulative hazard function is 
 10 tH t O                                                                      (4) 
 
By inserting equation (4) into equation (3), we obtained 
 
 
log
exp '
UT
xO E
                   (5) 
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The estimation of regression coefficients on Cox regression model was determined with R program. Given the value 
of 
3E   and 1O  . Step determining value of iG  i.e. 
x Specify the end of the study period, denote by t. 
x If iT  > t then iG  = 0 and iT  = t, else iG  = 1. 
Bootstrap resampling method is performed to obtain the estimated regression coefficients. Bootstrap algorithm 
works by taking many bootstrap samples that are mutually independent and to evaluate the relationship between the 
bootstrap samples. Bootstrap introduced by Bradley Efron in 1979, is a computer-based method for measuring the 
accuracy of a statistical estimate. The standard errors of the coefficient of each covariate estimator based on the 
bootstrap samples are: 
 ݏ݁஻ሺE௞כ ሻ ൌ ቄσ ൫E௞כ௕ െ E௞൯
ଶȀሺܤ െ ͳሻ஻௕ୀଵ ቅ
భ
మ                              (6) 
 
where E௞ ൌ σ Eೖ
כ್ಳ
್సభ
஻ ǡ ݇ ൌ ͳǡʹǡ Ǥ Ǥ ǡ ݌ and B is the number of bootstrap samples (Ihwah, 2012) 
3. Result 
After running program, with t = 3 and the number of bootstrap sample replicate is 10, the output program was 
shown on Table 1 and Table 2 below. 
3.1. Output Program  
                                            Table 1 Estimation of regression coefficients 
ߚଵ ߚଶ ߚଷ 
0.2014055 -13.2440442   41.9638273 
 
                                           Table 2 Standard error of the coefficient of each covariate estimator  
ܵݐ݀Ǥ ݁ݎݎ݋ݎ݋݂ߚଵ ܵݐ݀Ǥ ݁ݎݎ݋ݎ݋݂ߚଶ ܵݐ݀Ǥ ݁ݎݎ݋ݎ݋݂ߚଷ 
14.12734 12.44990 15.96872 
 
Cox regression equation obtained: 
݄ሺݐȁݔሻ ൌ ݄଴ሺݐሻሺͲǡʹͲͳͶͲͷͷݔଵ െ ͳ͵ǡʹͶͶͲͶͶʹݔଶ ൅ Ͷͳǡͻ͸͵ͺʹ͹͵ݔଷሻ 
3.2. Interpretation using Hazard Ratio  
Will be compared to the risk (hazard ratio) of buying of elementary (1) and junior high school (2) consumer 
௛ሺ௧ȁ௫ୀଵሻ
௛ሺ௧ȁ௫ୀଶሻ ൌ
௛బሺ௧ሻ௘ሺభሻሺబǡమబభరబఱఱሻ
௛బሺ௧ሻ௘ሺమሻሺబǡమబభరబఱఱሻ
ൌ ݁ሺିଵሻሺ଴ǡଶ଴ଵସ଴ହହሻ ൌ 0.8175 
 
From these results it can be said that consumers in junior high school more risky than an elementary school 
consumer. In other words, the time it takes junior high school consumer to decide to buy a product shorter than the 
elementary school consumer. 
௛ሺ௧ȁ௫ୀଵሻ
௛ሺ௧ȁ௫ୀଶሻ ൌ
௛బሺ௧ሻ௘ሺభሻሺషభయǡమరరబరరమሻ
௛బሺ௧ሻ௘ሺమሻሺషభయǡమరరబరరమሻ
ൌ ݁ሺିଵሻሺିଵଷǡଶସସ଴ସସଶሻ ൌ 0.0000018 
From these results it can be said that the civil service is much more risky consumers buy products compared to 
non-civil consumers. In other words, the time it takes civil servants consumer to decide to buy a product shorter than 
non-civil servant consumers. 
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Will be compared to the risk (hazard ratio) of buying of consumer with monthly income IDR 1,000,000 and IDR 
3,000,000. 
݄ሺݐȁݔ ൌ Ͳǡͳሻ
݄ሺݐȁݔ ൌ Ͳǡ͵ሻ ൌ
݄଴ሺݐሻ݁ሺ଴ǡଵሻሺସଵǡଽ଺ଷ଼ଶ଻ଷሻ
݄଴ሺݐሻ݁ሺ଴ǡଷሻሺସଵǡଽ଺ଷ଼ଶ଻ଷሻ
ൌ ݁ሺି଴ǡଶሻሺସଵǡଽ଺ଷ଼ଶ଻ଷሻ ൌ ͲǤͲͲͲʹ͵ 
 
From these results it can be said that consumers monthly income of IDR 3,000,000 more risky than consumers 
monthly income of IDR 1,000,000. In other words, the time required to IDR 3,000,000 for income consumers decide 
to buy a product shorter than IDR 1,000,000 for income consumer. 
4. Conclusions  
Cox regression model can be used in research in the field of economics and business, especially to examine the 
relationship between independent variable and data concerning survival time or survival time with censored data. 
Cox regression model so keep a good estimate from the regression coefficient β, and the hazard ratio (HR), that can 
be used to determine the risk factors of the two individuals. 
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